This study aimed surveying the amount of sediment yielded from the Água Fria watershed (Palmas, Tocantins, Brazil), from February-1998 to January-1999, and 
INTRODUCTION
Rivers are landscape integrating components and receive the whole load of transported material from the drainage basin in which they are inserted (Silva et al., 2001 ). Then, it is possible to affirm that land cover and water resources quality are unequivocally linked. The land use changes often implicate in the degradation of the water quality of the superficial water bodies of the watershed. Water quality is also related with the level of control of the pollution sources (Tucci, 1997; Marques et al., 2003) . Careful planning and land use polices that contemplate the protection of streams, rivers, and their respective riparian zones, can be implemented in order to balance the economic development and the protection of the natural environment. Developing actions that take place without such considerations, however, can lead to significant degradation of streams and ground water, and loss of river water quality (Guiraud et al., 2004) . The production and transportation of sediment in a watershed is influenced by a set of complex environmental factors that vary temporally and spatially. One of these factors is the soil erosion, which is caused mainly by rainfall and overland flow. Land use practices such as logging and clearing, grazing, road construction, agriculture, and urbanization activities also affect sediment production and sediment delivery from a watershed (Nelson and Booth, 2002) . However, few studies have been conducted on sediment transport in Brazil, because most of the consequences are not immediate, and commonly there is a disbelief and indifference in the people (Carvalho, 1994) . Sediment yield (SY) is the total mass of sediment in suspension and bed load that reaches the exit of a drainage basin. The SY is related to many factors, according to the considered scale. In continental or worldwide scale, climate is the dominant control; slope and human activity are of secondary importance (Haan et al., 1994 (Carvalho, 1994) . Sediment will normally have numerous opportunities to be deposited between the field and point of final deposition, reducing the sediment yield accordingly (Haan et al., 1994) . A sediment delivery ratio (SDR) has been used to quantify the amount of deposition that occurs in a watershed. One manner to estimating the SDR is through the Equation 1.
Where: SDR -Sediment delivery ratio, in %; SY -sediment yield, in t year -1 ; GE -gross erosion, in t year -1 .
Gross erosion is composed of rill and interrill erosion, gully erosion, and stream erosion. On disturbed areas, sheet and rill erosion are the principal components of gross erosion (Haan et al., 1994) . The SDR is negatively correlated with drainage basin area due to: 1. Natural factors: storage of sediment in the drainage basin increases with area because relief declines downstream and hillslopes develop wider concave foot-slopes and broader floodplains. 2. Human factors: dams on rivers trap sediment of water and reduce the transference of the flow remaining in the channel (Carvalho, 1994 and . Considering all these factors, large variation of sediment yield for the watersheds along the world has been noticed. (Silva, 1999) . Fig. 1 shows the spatial localization of the study area in Brazilian territory. The climate is tropical. The average annual temperature is 24 o C and average annual rainfall depth is 1,300 mm (Nimer, 1979) . Annual rainfall erosivity is estimated as 5,954.67 MegaJoule mm ha -1 h -1 year -1 , with a low variation among the years (<15%) (Silva, 1999) . Table 1 shows the monthly values of the rainfall depth and monthly rainfall erosivity recorded for the study period, obtained from Silva and Schulz (2002) . The Água Fria watershed is composed of three main streams: Brejo Comprido, Suçuapara and Água Fria, and its drainage density is greater on the higher elevations of the watershed. The general (average) value for drainage density of the whole area is 0.708 km of river km -2 . The Água Fria is a third order stream and is a sub watershed of the Tocantins drainage basin. Silva (1999) (recorded in March-1998), as shown in Table 1 . The author also estimated that 33% of the water precipitated on the watershed was lost by surface runoff.
The altitude in the watershed ranges from 190 m to 710 m above the sea level and the predominant class of slope is 1 -3%, showing a relief predominantly plane. The slope of the Água Fria watershed is steep on the headwater regions (higher elevations of the watershed) and smoothly waved -plane on the middle parts and near of the estuary of the Água Fria stream (near the Tocantins river). Geologic basement is crystalline in the steepest region, and in regions where the relief varies from smoothly waved to plane, the geologic basement is sedimentary (RadamBrasil, 1981) . Fig. 2 shows a panoramic view of the watershed and the aspect of the topography of the region.
URBAN PLACE
Figure 1 -Spatial localization of the study area (within the Palmas municipal perimeter). Source: Silva (1999) Figure 2 -Panoramic view of the Água Fria watershed. The legend also shows the altitude range (in meters) of watershed (Silva, 1999) The soil classes occurring in study area were determined by Ranzani (1998) , and were, according to F.A.O. classification system: Plinthosol, found on 27.8% of the whole area; Rhodic Ferralsol (28.0%); Leptosol (10.3%); Xanthic Ferralsol (17.3%); Cambissol (8.0%); Gleysol (7.6%). On the watershed (in the most steep regions), bare rock was 1.0% of the whole area. The predominant vegetation type on the region was the tropical savanna (Cerrado), in a still undisturbed area (RadamBrasil, 1981) . A mesophytic forest (in waved areas in headwaters´s downstream) was found on the Lajeado's hill. Riparian forest also occurred along some streams of the region. All the vegetation clearly suffered, every year the influence of the dry season (normally from April to September), especially the herbaceous vegetation, mainly due to dry soil conditions.
Land cover
On the watershed, the following classes of land cover were mapped (Silva, 1999) : remnant natural vegetation (21.5%); water bodies (0.3%); green urban gardens (0.6%); build-up (0.5%); roads (0.4); bare soil (1.3%); dirty field (23.5%); clean field (26.0%); bare rock (1.1%); burnt areas (6.7%) and sparse field (18.2%).
METHODS
The sediment yield was determined using the Colby's simplified method (Carvalho, 1994 and Tavares, 1986) . The following equations were used:
Where:
Q ST -Total sediment yield, in t day -1 . Q SM -Quantified solid discharge, in t day -1 . Q NM -Not quantified solid discharge, in t day -1 . Q -Water flow, in m 3 s -1 . C' s -Quantified concentration of sediment, in parts per million. L -Channel width, in meters. q' nm -Not quantified solid discharge (estimated according to the width of the drainage channel). K -Factor of correction.
The "q'nm" and "K" components of the equations were computed using three abacuses that required information about water flow velocity of the drainage channel, average depth of the channel and sediment concentration (Carvalho, 1994) . Hence, the required information from the gauging station were: 1) sediment concentration, 2) average depth of the channel, 3) channel width and 4) average flow velocity in the drainage channel. SEDIMENT CONCENTRATION: Three samples were collected each month from February 1998 to January 1999 on a gauging station located on the Água Fria stream about 50 m before the joining of Água Fria river and Tocantins river. The samples were collected in the middle of the channel, from surface to bed, by using the "vertical integration method" (Carvalho, 1994) . The samples were transported to laboratory of Universidade do Tocantins (UNITINS) and there the concentration of sediment was determined using the evaporation method (Carvalho, 1994; Eaton et al., 1995; Pião, 1995) . The residue after evaporation was quantified in ppm, as required by the Colby´s method. AVERAGE DEPTH: it was determined monthly through the elaboration of the profile of the channel (bathymetry) at the same point of water sampling. Using the bathymetric data, the area of the channel and the average depth were computed. CHANNEL AVERAGE WIDTH: it was determined by the quantification of the width of the drainage channel at the water/sediment sampling point. FLOW VELOCITY: it was determined by the float method (Pião, 1995) . A float was launched from one pre-determined point upstream, when the float crossed the determined point upstream a chronometer was turned on, when the float crossed the determined point 10 meters downstream, the chronometer was turned off and the time was recorded. This operation was executed ten times on each month (even using the same upstream and downstream points). The average time was determined by computing the arithmetic average of the ten previously recorded values and the average flow velocity was calculated by division between the average time and the 10 meters length considered. With all these information, both the liquid and solid discharge on that point and at that time were estimated using the abacuses (Carvalho, 1994 , equations 2, 3 and 4). After the determination of the sediment yield on the point for each month, the average value of sediment yield for that period (month) was calculated by using the value of the current month and the value of the subsequent month (for example, to determine the average value for June, the values of June and July were used, and so on). As the value was in t.day -1 , the average value obtained for each month was multiplied by the number of days of that month. For example: the average value obtained for April (average between 418.3 t day -1 and 406.9 t day -1 , respectively for April and May) was 412.6 t day -1 . Multiplying 412.6 t day -1 x 30 days, the resulting value for April was 12,378.0 t month -1 of sediment yielded from the Água Fria watershed. The specific production of sediment was determined according to equation described in Carvalho (1994) and Haan et al. (1994) The sediment delivery ratio was computed according to equation 1, described by Wischmeier and Smith (1978) and by Haan et al. (1994) . The value of the gross erosion for the study area was obtained from Silva (1999) who utilized the Universal Soil Loss Equation (Wischmeier and Smith, 1978) on the estimates. Fig. 3 shows the monthly sediment yield and monthly specific sediment yield for the study area. It was estimated that 138,619 tons of sediment were yielded during the period of study. Comparatively, for the Itiquira river (Paraguai river basin -Mato Grosso do Sul State) M. M.A. (1997) found 254,520 t year -1 of sediment also in one year. Kusumandari and Mitchell (1997) recorded an average value of 256,500 t year -1 of sediment carried out for the Citarum River basin (Indonesia) during 1991-1992. The specific sediment yield (SY) for the study area was 827 t km -2 year -1 , a little higher than that estimated by Enger and Smith (1995) for the Amazon region (612 t km -2 year -1 ) and higher than the specific yield for entering Brazil showed by Bordas (1998) : 470 t km -2 year -1 . Fig. 4 shows a curve of sediment yield versus drainage area, obtained from Carvalho (1994) and with the value found on this study inserted on it. It was noticed that the value for the study area was located below the "general sediment yield curve", despite being classified as high, according to the interpretation chart proposed by the author. On this chart (Fig. 4) it was noticed that the value of sediment yield diminished as the drainage area increased.
RESULTS AND DISCUSSION
Between the field and point of final deposition, sediment normally would have numerous opportunities to be deposited, reducing the sediment yield accordingly (Haan et al., 1994) . Carvalho (1994) and Haan et al. (1994) with the value found on this study Strong irregularity on the seasonal amount of sediment carried out of the watershed was observed. Resulting correlation analysis between the monthly sediment yield and the monthly water flow (water flow data obtained from Silva, 1999) was r 2 =0.88 (significant α=1%). Significant correlation between monthly sediment yield and monthly average speed of the stream (r 2 =0.46, significant α=5%) was also observed. However, the correlation between the monthly sediment yield and monthly rainfall depth was not significant, being significant the relation between the monthly sediment yield and the monthly rainfall erosivity (r 2 =0.37, significant α=5%). The relation between water flow and sediment yield is shown in Fig. 5 . The "r 2 " value was 0.94 and the equation generated was y=42.723x 1.3819 . The "r 2 " found on this study was significant and presented better performance as that one showed by Carvalho (2000) for the Itiquira river (r 2 = 0.32 and 0.66 for 1979-1980 and 1981-1982 hydrologic years, respectively). Filizola et al. (1999) also found a low and unsatisfactory value for "r 2 " for the Madeira river (r 2 = 0.21), unlikely that one found by Martinelli et al. (1993) for the same river and for the same gauging station. Filizola et al. (1999) reported a difference on the estimative because the short amount of available information used. In fact, the short amount of hydrosedimentometric data normally has been one of the major problems that impede the development of good and precise studies in Brazil, as also affirmed by Carvalho (1994) . Fig. 6 shows the variation of the proportion of the suspended and bed load fractions of sediment for the study area along the study period, determined through the Colby´s method (respectively, Q SM and Q NM parameters of the equation 2). It was noticed that the temporal variation of the proportion of suspended sediment load did follow neither the seasonality of the water discharge nor the seasonality of the rainfall erosivity. The general average proportion of suspended material was of 70.7% (variation coefficient 26.8%) and the final average proportion of bed material was of 29.3% (variation coefficient 64.7%). Christofoletti (1981) showed the proportions of total sediment for some European/Asiatic rivers and most of them had a proportion of bed sediment smaller than 10%, despite the mountainous rivers of the Alps presenting 30% or more of bed material. Silva (1999) , using the Universal Soil Loss Equation (Wischmeier and Smith 1978) , estimated the amount of soil loss for the study period (gross erosion): 2,239,955.0 t and by applying the equation 1, the value found for the sediment delivery ratio for the Água Fria was 6.2%.
Comparatively, in "Alto Paraguai" watershed values ranging from 1.9 to 7.0% were estimated for eight sub-watersheds whose drainage area ranged from 5.1 to 57.7 km 2 (M.M.A., 1997). Through field visits during the study period, it was reported that the remnant riparian vegetation (relicts), located along the watercourses of the watershed, played an important role on the sediment yield and transportation. It was noticed that the roles of the riparian vegetation were mainly 1) "Filtering" the water mass of the streams -in some parts of the streams, where there was significant portions of riparian vegetation, this vegetation have been retaining part of the sediment of the stream and the water passing through the vegetation flows a little cleaner than before. 2) Protecting the stream against the streambank erosion -in some parts along the streams without riparian vegetation it was easily observed that the geometry of the channel was totally altered due to stream erosion. Water quality is maintained by riparian vegetation through many ways, including the stabilization of slopes and stream banks by networks of tree roots that help prevent erosion, act as filter pollutants, metabolize nutrients, and trap sediment, as reported and detailed by Vought et al. (1995) . During the period of study, in Água Fria watershed, there were multiple land cover types and proposals, mainly the urbanization goals, many of them presenting potential of degradation of the riparian vegetation and/or exposing the soil surface to erosive process. Respecting the Brazilian Forest Code in order to provide an excellent conservation state of the riparian vegetation would be a crucial strategy for a regional sustainable development and avoiding environmental and urban problems related to erosion / sediment. 
CONCLUSIONS
The annual sediment yield for the study area between February-1998 and Jannuary-1999 was 138,619 tons of sediment and the specific sediment yield for the study area was 827 t km -2 year -1 . The estimated sediment delivery ratio was 6.2%. The suspended load was the predominating fraction in almost all study period, except during November and December, where the bed load fraction predominated. It could be concluded that the state of the riparian vegetation during the study period was the main factor that determined the amount of sediment that were delivered by the water courses or were deposited along the vegetation strips. sedimento e alguns fatores antrópicos e ambientais. O método de Colby foi a técnica empregada no estudo. A produção específica de sedimento e o coeficiente de remoção de sedimentos foram parâmetros também investigados neste trabalho. Foi estimada uma quantidade de 138.619 toneladas de sedimento produzido e a produção específica de sedimentos foi estimada como sendo 827 t km -2 ano -1 , enquanto que o coeficiente de remoção de sedimentos foi 6,2%. A fração suspensa foi a predominante durante quase todo o período de estudo.
